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SUMMARY 

A two-dimensional wind4uzmel Investigation was made  of a 
6"percentdhick  symmetrical circul-c alrfoil uith leading-edge 
and trailinedge high-lift  devices. The Investigation w a ~  made to 
determine  the  effects on maximum section lift coefficient of different 
leadhg-edge slats and drooped-nose flaps of 1-ercent  chord when used 
in combination  with a pgfn trail" flag:. of w e r c e n t  chord 
deflected 60'. Section  lift  characteristics of the airfoil  with t he  
various  high-lift  devices  deflected in cambination are presented f o r  
Reynolds numbers from 0.7 X 10 6 to 3.0 X loo. Slat-osition  contoure 
of maximm section  lift  coefficient and BCBIIB pitc-aerit  charac- 
teristics are included. 

/ 

The results  indicated that a properly positianed  leading-edge  slat 
or a drooped-ose  flap  increased  the maxim section lift coefficient 
of  the  airfoil Uith the  plain trailing-edge flap  deflected 60° 
frm 1.63 to 2.02 or 1.96, respective*, and increased t h e  angle of 
attack  for maximum section lift coefficient from 2.5O to 160 or go, 
respectively.  It was &o found  that v x q i n g  the  Reynolds nmber for 
either  the slat or drooped-nose-flag  configurations or  moving the 
drooped-ose-flap 3inge from the lower surface.  to the upper surface 
had  essentially no effect on the lift  characteristics. 

- The we of wings with  thin  bicon-mx  profiles for high-epeed air- 
craft has necessitated the development  of  devlces to increase the l o w  
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~ i m m  lift ccrefficienta of these  profiles i n  order that the  airplane 
msy f ly   s a t i s f ac to r i ly  in the low-epeed rehge. Devicee that have been 
suggested for th i s  pzpose -are t r a i l w d g e  f laps ,  leadhg-edge  flaps,. 
and lead” slats. Of these devices, trail” flaps an& 
leading+3dge f laps  bave been investigated. (See reference 1.) 

* 

The present  paper  givee  the results of a ? ~  investigation of a 
6-percent-thick symmetrical circul-c airfoil with a 1-ercen-t- 
chord l e a d i n v d g e  slat deflected in cambinatipn  with a -ercent- 
chord plain t r a i l w d g e  flap hav- a 60° def&_ct.ion.. .:These result8 
include the section lift characteristics,  slat-position  cantours of 
maximum section lift coefficient, and same pttch-mnt  charac- 
t e r i s t i c s .  Also included in the inveetigatian are the effects on the 
section lift characterist ics of varying the Reynolds number and. of 
moving the  hinge line from the lower surface . to  t.he upper surface of 
a 1-ercentchard leading-3dge f l ap  deflected 2‘j‘O in cmbinatianr-wlth 
the 2o-percent-hord plain  trailing-edge flap having a deflection 

” 

of 6oo. 

c Z  

C 

w 4  

section lift coefficient 

section  pitching+noment  coefficien-b-about the quarter chord 

f mc/4\ 

where 

2 

m 

C 

f’reerrtream mass density 

free-stream  velocity 

. 

. 
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section angle of  attack,  degrees 

m~ucimum section lift coefficient 

increment o f '  maximum section lift coefficient due t o  
deflection of led-in-dge high-lift devices 

section angle of' attack at maxfmum lift coefficient 

increment of section  angle of a t tack at maximuq lift due t o  
deflection of 1 e a d h q p d . S  high-lift  devicee 

Reynolds nlLmber 

angular deflection of leading-edgg-slat chord line *can 
a i r f o i l  chord line, posit ive when deflected below chord 
line,  degrees 

drooped"nose-flap deflection,  positive when deflected below 
chord line, degrees 

p la in- t ra i l lnpdge- f lap   def lec t ion ,   pos i t ive  when deflected 
below -chord line, degrees 

horizontal distance f r a m  reference pofnt an main part of 
a i r f o i l  t o  the slat t r a i l i n g  edge, posit ive when -slat 
moves forward, percent of a i r f o i l  chord 

ver t ical   d is tance from reference  point on main p& of 
- a i r f o i l  t o  slat t r a i l i n g  edge, posit ive when slat moves 
upward, percent of a i r f o f l  chord 

MODEL 

The model used i n  t h i s  investigation was a 24"lnch"chord airfoil 
sect ion  bui l t  t o  a hercent - th ick  symmetrical circul-c contour. 
Ordinates for this profi le  are presented in table I. The main  p p t  of 
the a i r foi l  was made of s t ee l .  The 2O-percent-chord p l a i n   t r a i l i n e  
edge flap,  coilstructed of brass, was pivoted on leaf hinges mounted 
flush w i t h  the lower surface. (See reference 1.) The gap between the 
f lap  apd flap s k i r t  w a ~  sealed with modeling clay t o  prevent leakage. 
In all cases; the  leading-edge slats and droope'dnose f laps were 
investigated in ccmbirwition with the plain t r a i l i n e d g e   f l a p  
deflected 6 0 ~ .  . .  
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Slats.-The slats were constructed  of brass and had chords  equal 
t o  15 percent of t he   a i r fo i l  chord. Ordinates and sketchea of the 
three slat configurations  tested are given i n .  table  II and figure 1, 
respectively. 

.. . 

Configurations 1 and 2 were designed 00 that, when tihe elato w e r e  
retracted,  they  faired  into  the m a i n  p a t  of the   a i r fo i l .  For configu- 
ration 3, a mall gap between the slat and main -p& of the   a i r fo i l  
existed on the lower surface  with  the slat neutral; Model end plates, 
as ~hown in figure 2, were uesd t o   f a c i l i t a t e -  changing the slat t o  any 
desired  position. Slat end plates,  which recessed into  the model end 
plztes, were used t o  change the slat deflection. .The slat trailinc 
sdge positions were measured from a reference point located on the 
upper surface of the maFn part  of the airfoil at the 157percent”chord 
station, as shown in figure 3.  No intermediate  supparts were provided 
between t3e main par t  of t he   a i r fo i l  and the slat. 

Drooped.-ose flap.- The drooped-nose f laps  were constructed of 

brass and had chords equal t o  15 percent of the a i r f o i l  chord. For all 
tests,   these  f laps were deflected 27O. Configuration A was desi@ped - 

EO that   the  drooped;nose f lap  pivoted on a leaf hingelnounted flush 
with  the lower surface, and the f l a p   s k i r t  was i n  rubbing  contact with 
the  f lap.  A sketch of this  configuration t~ shown in figure 1. In 
order t o  determine the aerodynamic ef fec ts  of changing the  posit ion of . 

the hinge line, a lead bead was soldered t o   t h e  upper aurface of the 
f l ap  and f i led t o  a ahasp corner. A sketch of t h i s  modification, 
desiGated  configuration B , . i s  e g o  shown in figure 1. 

The hvwstigationwas conducted. in the Langley two43mnaional 
low-turbulence tunnel and the Lm&ey t w d f m e n s i o n a l  low-turbulence 
preesure tunnel. A complete descrfption of these w i n d  tunhela, details 
of the t e s t  methods, and the methods used i n  correctfng the data t o  
free-air  conditions are given In reference 2. A l l  t ea t@ were made with 
t h e   m e r c e n t - c h o r d   p l a i n   t r a i l w d g e   f l a p   d e f l e c t e d  60’ in 
conbination with We leadinwdge  high-lift  devices. 

S l a t  .- Memurements  were made at a Reynold8 number of 2.0 X IO6 Of 
the  lift of the slat configurationa ko determine  the ideal p o s i t i m  
of the s l a t e .  The ideal  posit ion of the slat for a given  deflection 
and slat configuration is defined as the posit ion  that   yields  the 
hi&est maximum section l i f t  coefficient.  For  these tests, a wide 
horizontal and ver t i ca l  range of slat locations was covered for several 
slat deflections and three slat CmfiguratLane. 

. 
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Section lift characterist ics 
at a Reynolds number of 2.0 X 10 6 
25.50, 30°, and 35.25'. P i t c h h g  

were dete-ed for cmfiguration 1 
for slat deflections of 19.75O, 
rnaents were measured only f o r  slat 

confi@;uration 1 &th  the slat deflected 25.5O and 30°. The section 
l i f t  characterist ics of slat configuration 2 were determined at Reynolds 
numbers of 2.0 X 10 , 6.6 X lo6, and 9.0 X ,10 with  the slat 
deflected 30° and for ccmfiguration 3 at a Regnolde ntnnber of 2 .O X 10 6 
with  the slat deflected 30°. Additional l i f t  data for configurations 2 
and 3 with the slats deflected 3 5 O  were obtained but are not  included 
in t h i s  paper  because the  range of horizontal and ver t i ca l  slat 
locations covered waa Fnsufficient  to form a set of contours. These 
data, however, were found t o  be less favorable than thoee obtained with 
the  slats deflected 30°. 

" 

6 6 

Drooped-se flap.- The lift characterist lcs were determined for 

drooped-nose*lap c o n f i p a t i a n  A (hinge line on lower surface of 
drooped"nose flap)  through a range of Reynolds numbers f roan  0.70 X 10 6 
t o  2.29 X 10 6 . The l i f t  -character is t ics .  of configuration B' (hinge line 
on upper surface of. drooped-nose flap) were  determFned at  R e p o l b  
numbers of 2.0 x 10 and 6.0 X 10 . 6 6 

Sla t   con f ipa t ions . -   Ca tou r s  of maxFmum section lift coefficient 
obtained at a Reynolds number  of 2 .O X 10 6 are presented in figures 4, 
5, and 6 for   the- three  slat configurations at various slat posftions 
and deflections. Msximum section L L f t  coefficients and angles of 
attack for maximum lift coefficien% at %he ideal slat posit ions  for 
given slat deflections are shown in  these  figuree. The contours 
iJlustrate the  sensi t ivi ty  of the mxhmm sectilon l i f t  coefficient 
t o  changes in slat location for given slat deflections. Variation in 
slat trailing-edge  height frcm the   idea l   pos i t ion ,   pa t icu lar ly  for an 
upward displacement,  appams t o  be more c r i t i ca l ,  on the average,  than 
chordwfse variation. 

The lift characteristics  obtatned at a Reynolds ntrmber of 2.0 X 10 6 
fo r  slat configurations 1, 2, and 3 wlth  the slats deflected 30° and 
located at their   ideal   posi t ions axre presented in figure 7. The 
magnitude of the maximum'section l i f t  coefficients  varied frclm'a value 
of 1.94 for configuration 2 t o  a value of 2.02 for configuration 3.  
It should be noted, however, t ha t  a small  gap between the slat and the 
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a i r f o i l   e x i s t s  an the lower surface of configuration 3 with  the- slat 
retracted-. If such profile i r regular i t ies  are t o  be avoided, particu- 
larly f o r  supersonic flight, then  conf'iguratian 1, which produces  a " 

maximum lift coefficient of 2.00, may be considered  the most effective.  

The section lift and pitch-nt c h a r & ~ 3 r i s t i c s  of configu- ' 

ra t ion 1, obtained at a Reynolds number of 2.0 X 106 f o r  the  ideal 
positions of the slat fo r  several 6lat deflections, are presented 
Fn figure 8. The marrimurn e e c t i a  lift coefficient fo r  the  25.50 s l a t  
deflection is near* equal t o  that obtained. with a deflection of300. 
The aerodynamic center ramad ahead of the q&er-chord point as 
shown by the  section pitching+noment characterist ics.  For the 30° slat 
deflection,  figure -8 shows that the magnitude and manner of variatian 

with  the drooped-oge flap  deflected 30°. . . . . . - .  . .  

. of the moment coefficients are generally t h 3  same a8 those obtained 

The section liFt characterist ics of configuration 2, obtained at 
Reynolds numbers from 2.0 X 10 t o  9.0 X 10 with the slat deflected 30°, 6 6 
are presented in figure 9. The maximum section lWt coefficient6 are 
relatively  unaffected by increases Fn the  Rejnolds number. ' Since no - 
appreciable  scale'effect was obtahed  with  canfiguration 2, it is 
believed that the  effects of Reynold6 number vasiations on for 

canfigurations 1 and 3 a lao  may be comidered  negligible. 

Droopednose-flap  configuratione.- The section lift CharaCteristiC6 
of configuration A are presented in figure 10 far-Reynolds number8 
frm 0.70 X lo6 t o  2.29 X 1Q . It is 138811 In figure 10 that the 
maximum section lift characterist ics remain prac t ica l ly   camta t   wi th  
increaeing Regnolds number. These result6 conform, in this  respect,  
with the  data  presented i n  references 1 and 3 f a r  the 6- and 7. mercer&- 
th i ck   c i r cu la r "c  a i r f o i l e  with  corresponding f lap  def lect iom. 

6 

The section lif% c W a c t e r i s t i c s  of configuration B are presented . .- 

in figure 11 fo r  Reynold8 numbers of 2.0 X lo6 and 6.0 X lo6. Included. 
in   the  f igure for camparison are the eectTon lif% characteriet CE of 
configuration A corresponding t o  .a Regnolds nm&er..of 2.0 X 10 . The 
lift; characterist ics were p a c t i c d l y  unaffected when the hfnge l i ne  
of-the drooped-nose f l ap  was moved.flrom the lower surface t o  the upper 
surface ar xhen the Reynold8 n k h r  of configuraticm B was increamd 
from 2.0 X 10 to 6.0 X 10 . 

2 

6 6 

It ma$ be noted that the lift curves for canfiguration A at 8 

Reynolds n ber of 1.98 X lo6 (fig-. 10) and at a Reynolde number 
of 2 .O X 10 ( f ig .  U) are  not  quite w agreement near maximum lift. Y 
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. 

The discrepancies axe no t   cmide red  important- and mag be at t r ibuted t o  
the  fact  that the two r h  were made in different  tunnels  with a the- 
Fnterval of about 2 years between t e s t s .  

The mextmm section lift coefficient of the a i r f o i l  with the  pla9n 
trail-dge flap  deflected 60° (reference 1) i e  increased f r a n  a 
value of 1.63 t o  1.96, and the angle of attack for maximum section lift 
coefficient is Increased fram 2.5 t o  go when the  drooped nom is 
deflected 2'7O (configuration B) . 

Comparison of slat and drooper3"ose"flap cmfiguratiom.- Increments 

of maximum section lift coefficient aC, and incremente of eection 

angle of attack f o r  ma~cimi lm lift coefficient Aac .. . that resu l t  f r a m  

deflection of the slat m drooped-nose f lap are summarized s a p h i c a l l y  
in figure 12. Included in the  figure are comparative data taken from 
reference 1 (R = 6.0 X 10 '6 ) for   several   def lect iom of the drooped-ose 
flap.  The Fncr*-nts- in ' m a x i m u m  section lift coefficient for slat 
canfiguration 1 Over a large range of deflections a re  greater than those 
obtained w i t h  the drooped-nose flap.  . Increments in angle of attack for 
m~ucimum section l i f t  coefficient are greater   for  the slats than for the 
drooped-nose flaps  but the 1if"curPe peak8 m e  similaz. The differ- 
ences in maximum section lift coefficient can be at t r ibuted,  in part ,  
t o  the  greater  projected area of the 5l&t configuratiom. It must be 
mghasized, however,. that, although slat configuratione 1 a d  3 a.re 
s l igh t ly  more effective than the other leading-edge hilgh-lift devices 
imestfgated,  the drooped-nose-flap c d f g u r a t i a n s  may be more a t t r ac t ive  
t o  the  designer in view of the  s t ructural  and mechanical  problems 
presented by slatted airfoils and  becauee of t h e  sermitivity of the 
maximum section lift coefficfents of slatted a i r f o i l s  t o  slat-position 
changes resul t ing f r o m  air loads and manufacturing i r regular i t ies .  

m 

-- - %lax 

It is believed that the air I d s  on the slats mag be substantially 
equivalent to the air 1- an the dzooped-nose flap  (reference 4) f o r  
corresponding def lect iom because the peak pressures near t h e  leading 
edge of both types of high-lift devices are l imited by separation. 

Table III presents a summarg of the highest maxFmum section life 
coefficients, the angles of attaclr a t .xh ich  the maximum eection lift 
coefficients occurred-, and the  increments that were obtaFned for the 
slat and  drooped-nose-flap configuratiom investigated at a Reynolds 
number of 2.0 X 10 . Also included in table III are the maximum 
section lift coefficfents and angles of a t tack   for  maximum lif't coef- 
f fcient  obtained at a Reynolds number of 6 .o X 10 for the plain air- 
f o f l  and the airfoll with  the p l a h  trailing-edge flas deflected 60° 
(reference 1) . 

6 

6 
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CONCLUSIOmS 

NACA RM L S X )  

The results of a two-dimenaional wind-tunnel Investigation at 
Reynold8  numbers from 0.70 X lo6 to 9 .O X 10 6 of a 6-percent-thick 
symmetrical c i r cu la -a rc   a i r fo i l  wPth e i ther  a l-ercent-chord l e a d i w  
edge slat or ,a l-er*ent-ch&d drooped-nose-flip- a . 2 G e r c e n k h o r d '  
plain trai-liwd-ge fla-r, deflected 600 indi-cg.ted. the. fo l lqr lng  
conclusions : 

1. A properly  positioned lead-dge e la t  o r  a drooped-nom f lap  
increased the maximtun section l i f t  coefficient of t he   a i r fo i l  with  the 
p l a i n   t r a i l w d @ - - f l a p   d e f l e c t e d  60° f'ram a value of 1.63 t o  2.02 
or  1.96, respectively, and increased  the angle of attack for  maximum 
saction lift coefficient from 2.50 t o  160 or  90, respectively. 

2. The maximm section lift characteri8tice of the slat configu- 
ra t ions are extremely sens i t ive . to  change8 frmthe ideal  slat position. 

3. The type of l i f t - cme  peak and the magnitude and manner of 
variation of the   p i tch imanent   coef f ic ien ts  of the slat and drooped- 
nose-flap configurations are similar for a deflection  of 300. 

4. The marrtimum se-ction l i f t  chmacter is t ics  of t h e  slat and 
drooped"nose"f1ap configurations  tested are re lat ively unaffected. by 
v q i a t i o n s  of Reynolds number. 

. . . . . . . . - . 

5.  Moving the  position  of  the d r o o ~ d ~ o S 6 - f l a p  hinge fkm t h e .  
lowar surfkce t o  the upper surface had practicafly no effect an the 
lift charac te r i s the .  . .  

L 

Langley Aeronautical  Laboratory 
National Advisory Committee f o r h r o n a u t i c a  

Langley A i r  Force Base, Va.  

. 
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TABLE I 

ORDINATES FOR THE PLAIN AIRFOIL 

[Btatione and ordinates g i v e n  
i n  percent of  a i r f o i l  chord] 

6-percent-thick symmetrical  circular- 
arc a i r  

Upper surf ace 

O r d i n a t e  

f o i l  
Lower surf ace 

Station Ordinat e 

-i .533 
-1.922 
-2.252 
4 . 521 
4 , 7 3 1  
-2 . 860 
-3.0 o 
4.970 
-2. a 0  

4 9 g o  

1 

.. . .. . 

.. .. .. 
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T LOWOF s m a o a  I P Station I a .'E e. 

l ! ! E !  
"*P 10. 
10. 
10. 
10. 

12. u. 
12. 

3: 

... 
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- - - 

CONFIGURATION 1 

- - - - 

CONFIGURATION 2 

.. L 

. .  

Figure 1.- Sylrrmetrlcal circular-arc a i r f o i l  with leadfng-edge and 
trailing-edge high-lif t  devices. 
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Figure 5 .- ",maxhnm s e o t i m  lift ccefficimt for varloue positlane of the 0.15~ leading-edge 
elsf a a 6-peroent-th1c~~ m t r i c a l  circubr-arc a i r fo i l .  cdiguxatiaa 2; 6s = 30'; 
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Figure 9.- Section lift characterletice  at three valuee of the  Reynolds 
nmkr for  6-percent-thick apguetrical clrculm-arc airfoil xith 
leading-ede slat. Configuration 2; = 300; = 3.81; ye = -0 26. . 
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Figure 10.- Seotim lift characteristics at e e v e d  values of the Reynolds number for 6-pement-thick 
synrmetrical circular-ara a t r f o l l .  wleh hoped-nose flap. Canfiguratim A. -4 
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-1.6 -cs , o  8 16 

Section angle of attack, aOr deg 

-0 x 106 
.O 
-0 

Figure 11.- Section.lift  characteristic6 at two valuee of the RepoldB 
number for two drooped-nose-flap configurations of 6-prcent-thick 
symmetrical c irculax- arc airfoi l .  
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Figure 12.- V&at€on of the increment in maxim= eection lift 
coefficient and the increment in angle of attack for mRrfmn 
eectian lift coeff ichnt with deflection of the leading-edge 
high-lift  devices on 6-percent-thick s p m a t r i c a l  circular-arc 
a i r fo i l .  R 2 X 10 6 


